The overarching principles of effective educational practice in higher education define the characteristics of an effective learning environment. Institutions of all sizes have demonstrated that it is possible to increase student success and add value to the learners' experiences by applying these principles. This qualitative study explores the alignment between the ideal learning environment, the actual undergraduate engineering experience as defined by engineering educators, and the learners' perspective.
INTRODUCTION
Establishing an effective learning environment for undergraduate students requires input from many stakeholders. Accrediting bodies have a say in what attributes a graduate should have, institutions define a mission and establish an educational philosophy, central services provide academic and social support, departments develop an integrated curriculum, instructors deliver the curriculum, and students learn. Unfortunately, this is not always the case, particularly at the level where instructors and learners are involved. It is possible, however, to move from one's current learning environment to one that is more effective.
To determine just how effective the Canadian undergraduate engineering learning experience is for today's learners, it is important to examine the alignment of the ideal and the actual as defined by engineering educators and learners. This paper compares the results of a qualitative study of undergraduate engineering students' perceptions of what would improve their engagement and chances of success in their chosen programs to those of evidence-based effective educational practices, and the actual educational practices as reported by their instructors.
BACKGROUND
It is said that learning environments have "both a direct and indirect influence on student learning, including their engagement in what is being taught, their motivation to learn, and their sense of well-being, belonging, and personal safety" [1] . This section examines the literature on effective learning environments, and students' engagement with, and perceptions of, their post-secondary experience.
Effective Learning Environments
Bransford and his colleagues suggest that an effective learning environment requires the alignment of what is taught, how it is taught, and how it is assessed [2] . They offer four perspectives on learning environments: (1) Proceedings 2019 Canadian Engineering Education Association (CEEA-ACEG19) Conference CEEA19; Paper 105 University of Ottawa; June 9 -12, 2019 -2 of 7 -learner-centeredness where students construct their own meaning from previous knowledge and current academic tasks, (2) knowledge-centeredness where students learn in ways that help establish integrated disciplinary knowledge, (3) assessment-centeredness that provides opportunities for feedback and revision of knowledge, and (4) community-centeredness where shared norms and practices establish values and standards for learning. They suggest that learning environments are most effective when all four perspectives align and mutually influence one another. A review of the extensive literature on effective educational practices identifies a number of benchmarks that are currently used to define and measure effective learning [3] [4] [5] [6] [7] [8] [9] . These can be categorized into six broad themes for ensuring student success and value-added learning: (1) an appropriate level of academic rigour, (2) a focus on learning, (3) supported instruction, (4) quality of teaching, (5) development of strong relationships, and (6) student engagement.
Draeger and his colleagues define academic rigour as the overlap of four primary dimensions: active learning, meaningful content, higher-order thinking, and appropriate expectations. They suggest the "ultimate goal is for students to be actively learning meaningful content with higher-order thinking at (or above) the appropriate level of expectation" [10] . The focus of the learning theme consolidates the benchmarks associated with active and collaborative learning, learning strategies, reflective and interactive learning, higher order thinking, skills development and quantitative reasoning. Each of these directly involves students in, and with, their learning.
The supported instruction theme includes the teaching methods and materials used to support student learning. This includes the benchmarks associated with educational experiences in the classroom, learning opportunities, learning resources, and assessment and feedback. Quality of teaching includes benchmarks related to effective teaching practices, teaching quality, and instructional clarity, while the development of strong relationships consolidates items associated with faculty-student interactions, diversity, student support, learning communities, student voice, and organization and management. As proposed by Kuh and his associates [11] , student engagement has two key components: the amount of time and effort students put into their studies and activities that contribute to their success as a student, and the ways in which an institution supports student success.
A 2018 study of the state of engineering education in Canada shows that most engineering classes are teacherdirected and lecture-based [12] . Some educators use active and collaborative learning, but others identify barriers such as student resistance, low teaching evaluations, time commitment vs. benefit, and access to resources as reasons for their more traditional methods.
These educational practices are only somewhat aligned with the benchmarks established for an effective learning environment. Supported instruction is but one of six benchmarks. There is also a need to consider student learning, the quality of teaching, relationships, and student engagement.
Student Engagement and Perceptions
Undergraduate students at many post-secondary institutions around the world participate in annual student engagement surveys. The National Survey of Student Engagement (NSSE) is administered to over 275,000 students across North America, the Quality Indicators for Learning and Teaching (QILT) surveys over 200,000 students in Australia, and the UK's National Survey of Students surveys another 500,000 graduating students. These student engagement surveys measure variations of the six generalized benchmarks for ensuring student success and value-added learning.
Results of these surveys report that engineering students are generally less positive about their learning experiences than their peers in other areas of study. In the most recent NSSE report, Canadian senior engineering students' engagement in four of ten benchmarks (learning strategies, effective teaching practices, quality of instruction, and supportive environment) was lower than that of their peers in all other disciplines. Their engagement was second or third lowest in three additional benchmarks (reflective and integrated learning, studentfaculty interaction, and higher order learning). The remaining three benchmarks (qualitative reasoning, collaborative learning, and discussion with diverse others) were ranked highest among the areas of study.
This finding is not unique to Canadian engineering students. Similar results were reported by American students with eight of the ten benchmarks ranked either last or second last [5] , and by Australian students who reported engagement levels lower than their peers in 20 other areas of study [6] .
Institutions can glean important insights into student perspectives about their learning from these national engagement surveys. But the questions that are asked typically represent the interests of administrators and educators, not those of the students [13] . These surveys also miss data on the students' perception of their learning environment. van den Bogaard found this to be true in her synthesis of literature on student success in engineering education [14] . Boles and Whelan's work examining the barriers to student success in engineering education [15] explored the students' perspective through focus groups, and found that the learning environment is a major influence on self-regulated learning and student success.
Their key findings indicate that learners should be actively involved in their learning, and the quality of interaction between educators and students has a significant impact on the student experience.
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METHODOLOGY
An e-mail was sent to all 3187 full-and part-time undergraduate engineering students attending a mid-size Canadian engineering school inviting them to complete an online survey entitled 'A Snapshot of Canadian Engineering Education: What Do Engineering Students Think about their Classroom Experiences'. The survey was sent at the beginning of the winter semester and there were no incentives provided for the students for completing the survey.
The survey was modeled on the 'Stop, Start, Continue' method that is often used for gathering constructive qualitative feedback from students in higher education [16] [17] . The snapshot survey was divided into two main sections: (1) Basic Information, and (2) Thoughts about your Undergraduate Engineering Classes. The 'Basic Information' section gathered demographics, while the 'Thoughts' section contained six questions. The first three questions asked students to identify what they would like their instructors to start ("List things that your professors or instructors might start doing in class that you would find helpful"), stop ("List things you wish your professors or instructors would stop doing in class because they are not helpful"), and continue doing ("List things that your professors or instructors should keep doing in class because you find them helpful"). The next two questions asked students to describe their best and worst experiences in the classroom. The final question asked them to identify how their engineering classes helped or hindered their learning. Only the Start, Stop, and Continue responses are considered in this analysis.
Data Analysis
Of the 3187 engineering students contacted, 262 participated in this research study (8.2%). Of the 262 respondents, 100 chose not to answer any questions beyond the Basic Information section. The demographics of those non-responders are excluded from the following breakdown.
46.4% of the respondents were female and 51.0% male. For all other gender-related responses there were insufficient numbers to ensure anonymity. This distribution is not representative of the gender breakdown within the school (25.5% female, 74.5% male). 31.8% of the respondents indicated they were registered in first year, 21.9% in second year, 23.8% in third year, 13.2% in fourth year, and 9.3% in fifth year, having returned to their studies from a year-long internship. 3.3% of the respondents were international students. The actual distribution of students by year is 24.3% in year 1, 25.9% in year 2, 18.6% in year 3, and 31.2% in years 4 and 5, with 87.7% being domestic students, and the remaining 12.3% international.
Deductive thematic analysis was used to code the student responses. Theory triangulation ensured the validity of the categorizations, with the codes resulting from the benchmarks employed in student engagement surveys being very similar to those coded using the elements of curriculum defined within the Universal Design for Learning [18] . 437 items were coded from the Start responses, 317 items from the Stop responses, and 393 from the Continue responses.
Initial coding analysis produced 16 open codes for the student responses (e.g. direct instruction, resources, presentation methods, evaluation, etc.). These 16 open codes were then recoded to form five definitional categories that line up with the benchmarks for effective learning: focus on learning, supported instruction, quality of teaching, student engagement, and other related items including academic rigour and strong relationships.
RESULTS
This section reports on the perceptions of the students who participated in the study. It reflects aspects of the current undergraduate engineering learning environment as compared to the benchmarks of effective learning environments.
Focus on Learning
Approximately 15% of the coded items related to ways in which students are involved in, and with, their learning. Three themes emerged from these items: (1) practice problems, (2) formative assessments, and (3) interactivity in the classroom.
Students clearly identified the desire to be given lots of practice problems. Comments like "I think focused practice problems are great", "explain why you do a step. The reasoning helps greatly in understanding how to solve a problem", and "Though we usually do have practice and example problems, I feel that having more practice would help me remember the concepts we learn in the long run" represents the overall sentiment that students feel practice problems (preferably with solutions) are instrumental to their learning.
Students also appear to place value on low-or nostakes formative assessments such as assignments and weekly quizzes. Comments such as "using frequent lowconsequence quizzes to encourage students to stay on top of things", and "Having assignments/quizzes that are not worth marks, so that you can know your honest level of understanding without suffering a grade penalty" suggest that many students truly want to learn. Learners have mixed thoughts on the use of interactive, technology-based, student engagement tools in the classroom. This is reflected in comments ranging from using tech "to keep kids involved", and "I understand the benefit of using it but I already focus on problem exercises in class", to "not wasting time on things like … surveys or other time killers". They do, however, recognize that in-class discussion with their peers helps them understand new concepts. They would like to "discuss the possible answers with each other" and appreciate instructors who encourage "discussion of questions/course material in lecture". The few comments related to flipped learning were not positive.
The majority of comments related to student learning seem to indicate that the undergraduate engineering experience continues to be teacher-directed and lecturebased, supported by traditional learning opportunities such as practice problems, assignments, and quizzes.
Supported Instruction
Almost 70% of the coded items related to teaching and learning efforts that are done for the student. Three themes emerged from these items: (1) the lecture experience, (2) materials provided to the students, and (3) the academic support provided to the students.
Students seem accepting of a teacher-centred lecturebased classroom. This may be because the majority of their classes are delivered this way and students accept and/or are conditioned to these more traditional methods. They do, however, have definite opinions about which techniques and strategies within this model are most helpful to their learning. These include: authenticity, expert practices, depth of learning, relevant content, scaffolded learning, and teaching practices.
Students clearly indicate that they want to know why topics and concepts are important and where they are applied. Comments such as "More relating class concepts to functional applicability in practice" and "Providing relevant detail on what we are learning is practically used for" suggest that authenticity will help them find meaning in what they are learning. Some students recognize the importance of thinking like an expert, and want their instructors to break those skills down. Statements like "the most precious knowledge a professor can impart on us is his decades of experience on how to simplify enormous problems" reflect the desire to understand the process, not simply know how to answer a question.
Some students enunciate the need for more opportunities to learn. Some request that instructors "teach more material in class" and others want "greater depth, please. I am here to learn". That said, they want that content to be directly related to the course assessments. Many students echoed the ideas expressed by one who stated "It may feel like explaining everything about a concept is helpful, in reality forgoing crucial time on the parts that we need to know for exams or assignments is hurting our understanding. Some may feel differently, but I feel that, for example, knowing the proof for the equation, especially when the proof is long/difficult, is unimportant". For these students the desire to survive seems to take precedence over the need to thrive.
Many students requested a more graduated approach to learning that reviews and builds on assumed knowledge and skills from previous courses. They asked that instructors "relate new topics to previously learned ones", "build on past knowledge", and stop "Using technical jargon to explain new topics that are already complex to begin with". They appreciate it when instructors "don't just speak to slides", explain "topics in different ways", and give them "a few minutes to ponder a solution roadmap for examples". All of these comments seem to indicate a self-efficacy in the learners, given a supportive learning environment.
Part of that support comes in the form of the resources and materials provided to the students. Lecture notes are very much appreciated and in some cases demanded. Comments range from "Thank you to those who put up their completed lecture notes or incomplete notes that can be expanded upon well before the lecture" to "Philosophically, I believe that it is the responsibility of every professor to reproduce good notes reliably in electronic format for his students", with most falling somewhere in between. Students appreciate clarification and/or summaries of what topics are important and where they should focus their energies. One student summed it up saying "Provide a summary of each unit along with what you are expected to know, replicate, and understand well".
Many students indicated a dislike for the way in which their instructors present and pace a lecture. Comments like "having a prof read off of a slide when I can just do that at home is a waste of my time and their time", slides that are "too convoluted and sometimes irrelevant to the points the profs are trying to orally make" and "fully premade slides don't encourage learning" indicate that students value their time and appreciate well organized and presented classes. Other comments suggest alternate methods may be useful for their learning, asking for "More visual examples to better demonstrate material. Many students learn better that way rather than just normal notes", suggesting instructors incorporate "many types of media", and provide "external resources that would help (us) understand the current topic".
Students also identified the value that other forms of support have on their overall experience. Academically, students appreciate instructors who provide "a brief overview of topics that will be covered in the lecture at the start of class", provide "Progressions in class (building material on top of past material, relating old concepts to new ones)", and don't move "too quickly through content or practice problems". Students do not want instructors to tell them that "a lot of people don't pass their class. This is not something to be proud of". Students seem to appreciate instructors who consider how difficult it can be for students to absorb new and complex concepts as shown in comments like "Going through the material slowly and making sure the students understand the material", and "The best profs will occasionally give students breaks during the lecture, especially during 75 minute lectures. It helps students to refocus and stay on topic longer overall, instead of burning students out by the end of the lecture. It's the difference between running a marathon non-stop and running a marathon but walking when you need to so you can keep up the pace required to finish".
The majority of comments related to supported instruction reinforce that the undergraduate engineering experience is predominantly teacher-centred. Within that learning environment students appreciate well organized classes that recognize them as learners who need to see value in the content. They welcome all forms of academic support that their instructors can provide.
Quality of Teaching
Approximately 13% of all coded items related to the teaching practices, teaching quality, and instructional clarity of the instructor. Three themes emerged from these items: (1) the personality and personal characteristics of the instructor, (2) the thoroughness of the teaching, and (3) handwriting class notes.
Students perceive that instructors who are respectful, approachable, and have good communication skills make a difference in their overall success. This is enunciated by comments like the teacher "was friendly, had the attitude of wanting to help students succeed, admitted mistakes, was very open to student questions and answered them well, spoke clearly and loud enough", "The professor was enthusiastic and cared about the success of his students. Tests were fair, but not easy. The professor showed respect to his students. Participation was encouraged in class, but not to an extent where time was wasted", and "The prof card (sic) about the students and really wanted everyone to be as passionate about the course as he was. He made the course focused on the experience of the students rather than the marks".
Students perceive value in well-organized, learneraware classes delivered by enthusiastic and passionate instructors. One comment summed up myriad others in "This was an 8 am class, on a topic that I didn't plan to study further, and I was still excited to go on most days. The professor for this course was clearly passionate in the area he was teaching and took time to plan out his teaching to promote student understanding. His classes were laid out logically, and paced reasonably. He brought in humorous examples and ensured that, throughout the lecture, he was gaging student understanding and adapting his style to them. He would repeat as needed and keep going when students understood, and made time to answer all questions completely as they arose. He was also very open about going to him for questions outside of class, even for questions related more to other courses than the one he was teaching. He took the time and effort to actually focus on the students in his class learning the material and having it make sense."
Finally, many students prefer instructors to hand-write notes in class. Comments like "Only some do this, but physically writing the notes helps a lot" and "When profs write the notes with the class instead of powerpoints it helps with pacing" show that students feel it helps to regulate the pace at which the content is delivered. They also perceive it as a way to improve their understanding as noted in "writing the notes as they go over lecture content, answering student questions, doing practice problems with us". The quality of that writing was also a concern, and summarized by one student who wants instructors to stop "rushing too quickly to write things down with messy handwriting, please write neatly even if it takes an extra few seconds/minutes, especially in a large lecture room with hundreds of students looking at a small projector/chalkboard".
These student perceptions about the instructor seem to reinforce that the person at the front of the room has a significant impact on the learning potential of students.
Remaining Themes
It is difficult to extract any useful insights from the students' perceptions related to the remaining themes. Less than 3% of the coded items related to student engagement. The remaining 1% of coded items included those related to academic rigour, faculty-student relationships, and miscellaneous other perceptions.
DISCUSSION
This study explored what undergraduate engineering students believe contributes to, or impedes, their learning experience. It provides the missing data on the students' perceptions of their educational environment, a need identified by van den Bogaard [14] . The data is explored using the framework of effective learning as measured through the benchmarks of effective education practices. It highlights three key findings:
1. classroom practices are predominantly teacherdirected and lecture based 2. a dichotomy exists between students' desire to thrive and their need to survive 3. the instructor has a significant impact on student learning It is clear from both the students and the literature that lecturing is "deeply embedded in the culture of teaching in higher education" [19] [20] [21] . It appears that engineering students expect to be taught or have been conditioned to be passive learners by their instructors who overwhelmingly choose to lecture [12] . This shows a clear alignment between what Canadian engineering educators indicate they are doing in the classroom and what the students perceive as normal. There is, however, a disconnect between what is reportedly happening in the classroom and the focus on learning that is vital for effective learning. Trigwell, Prosser, and Waterhouse suggest that moving from a transmission-based delivery to an environment where students are directly involved in, and with, their learning could help establish a more effective learning environments [22] .
The overarching goal of effective educational practice is to increase student success and add value to learners' experiences [3] [4] . There has to be an appropriate level of academic rigour [10] and a focus on learning in order for students to really be successful. This study, however, shows an imbalance between the number of instructionalrelated comments about things done "for" the students (68.1%) and the number of learning-focused comments (15.7%). Many student comments imply a true desire to learn; they want to apply relevant content in authentic applications, and to learn expert strategies and practices in a supportive environment. Unfortunately these desires are countered by myriad pleas for opportunities to practice "the exact thing that will get them the marks". Contemporary theories of motivation suggest that providing students with learning opportunities that are perceived to have value, offer autonomy, and encourage self-efficacy can help balance the desire to thrive with the need to survive [23] . This can also help students move from sub-optimal motivational outlooks where they are disinterested in, overwhelmed by, or feel obliged to attend classes, to more optimal outlooks where students see value in attending classes, appreciate what they might learn, and link the benefits of attending class to longerterm academic or career goals [24] .
Both the literature and these students' perceptions indicate that the instructor makes a difference in the learning environment. Epting and her colleagues suggest that "ideal" professors make themselves accessible to their students, consider the student voice in course policy and procedures, offer a variety of learning opportunities, and provide a comfortable learning environment [25] . Rossetti and Fox extend that work, stating that outstanding professors demonstrate presence and caring, promote learning, keep their teaching practices current, and are enthusiastic and passionate about teaching [26] . Students want to be taught by respectful, passionate, prepared, and organized educators who care about their success.
Until the educational practices in the undergraduate engineering classroom become more closely aligned with those of an effective learning environment, it is expected that engagement results for undergraduate Canadian engineering students will remain lowest of the disciplines [5] . To remedy this, educators can help students move from survival mode to an optimal motivational outlook [24] . They can also consider the finding of a metaanalysis of 225 studies in mathematics, science, and engineering that shows moving to a more student-centred, learning-focused environment can increase student performance and reduce failure levels [21] . The evidence is there but, as with any change, there must be dissatisfaction with the status quo. Resistance can come from administrators, educators and even the students themselves. It can be cultural, social, organizational, or psychological in nature [27] . Until stakeholders begin to question the implied acceptance of the traditional teachercentred, lecture-based experience reported in this study, there may be little change in the culture and traditions of the engineering classroom.
There is a possibility that the findings of this survey have a bias associated with non-response. Those students who chose to complete the survey may have different views from those who did not. This may limit the generality of the results of this study [28] . It is also not known what other factors may have contributed to their response or non-response. As a result, the following findings should be considered in the context of the limitations of this study.
CONCLUSIONS AND FUTURE WORK
Extensive research defines the benchmarks used to measure effective educational practices environments in higher education. This research adds insights from the students' perspective that can help engineering educators create learning environments in which students can balance their desire to thrive and learn with their need to survive in an academically rigorous program. Student views suggest that a more active and supportive studentcentred learning environment would be beneficial to their learning and academic success. They want to be taught by passionate, prepared and thorough instructors who treat them professionally and care about their success.
This research lays the foundation for further study. Work could be done to examine what engineering students are actually doing to be successful in their studies. This could help establish the motivational outlook through which students approach their studies and make recommendations on ways to raise or keep that outlook in the optimal zone. Additional research could be done to determine if undergraduate engineering students are University of Ottawa; June 9 -12, 2019 -7 of 7 -intentionally or inadvertently being conditioned as passive learners. This work should include an examination of the educational practices used during the first year of study. Finally, work could be done to determine the impact of using the strategies identified in this study to establish effective learning environments for undergraduate engineering students.
It is hoped that adding the findings of this research to the existing body of evidence on effective learning environments will encourage engineering educators to establish learning environments where undergraduate students can efficiently balance their desire to thrive and learn with their need to survive the rigours of engineering.
